| INTRODUCTION
Moyamoya is a rare vasculopathy that can cause stroke or other neurologic injuries in children. It is characterized by progressive steno-occlusive changes in the internal carotid arteries and their main branches with compensatory formation of a fine vascular network. 1 The risk of ischemic 2 or hyperperfusion 3 injury during or after surgical revascularization is high with perioperative ischemic complications ranging from 5% to 20%. 2, 4 Alterations in cerebral blood flow regulation 2,3,5 may contribute to this perioperative morbidity.
Cerebrovascular blood pressure autoregulation maintains cerebral blood flow across changes in perfusion pressure. The progressive vasculopathy and vessel occlusion seen in moyamoya cause impairments in autoregulation. 6 The anesthesiologist's goal is to maintain the patient's blood pressure within the range that supports autoregulation to prevent cerebral hypo-or hyperperfusion. However, the Some intraoperative cerebral blood flow monitoring techniques do exist, including micro-Doppler ultrasonography, 7 laser Doppler flowmetry, 8 and jugular bulb oxygen saturation measurements. 9 However, these methods are not routinely available to clinicians.
Transcranial Doppler can be used postoperatively, 6 but continuous Doppler is not feasible for long periods at many institutions. We have developed methods to measure autoregulation using near-infrared spectroscopy (NIRS), 10 which is a standard and continuous monitor frequently used in clinical practice.
Near-infrared spectroscopy measures oxygen saturation in the frontal cortex and provides optical density concentrations of oxygenated and deoxygenated hemoglobin. The sum of these 2 is the relative total tissue hemoglobin (rTHb). The rTHb can be used as a surrogate measure of cerebral blood volume to determine autoregulatory vasoreactivity. 10 The hemoglobin volume index (HVx) is an autoregulation measure that is calculated by correlating rTHb and mean arterial blood pressure (MAP transcranial Doppler, 15 and laser Doppler flowmetry. 10, 16, 17 We previously published the feasibility of HVx monitoring during surgical revascularization for pediatric moyamoya. 18 Here, we continue our study to test whether pressure autoregulation monitoring is associated with postoperative transient ischemic attack (TIA).
| MATERIALS AND METHODS
We conducted an observational study of patients with pediatric Tables 2 and 3 .
Four patients had postoperative TIAs. Symptoms included transient aphasia and unilateral weakness ( Table 1 ). All neurologic changes resolved with the primary treatment of intravenous fluid boluses, and no patient suffered a stroke or other permanent neurologic deficit. One patient with unilateral vasculopathy had a TIA, and 3 with bilateral vasculopathy had TIAs (Table 1) . Therefore, the relationship between autoregulation and postoperative TIA could be analyzed only among those with bilateral disease. When analyzing maximal HVx, higher intraoperative HVx (indicating worse autoregulation)
was associated with occurrence of postoperative TIA (P = .048; difference in medians: 0.023; 95% CI: 0.003-0.071; n = 9; Figure 2A ).
Postoperative HVx and TIA were not associated (P = .4; difference in medians: 0.049; 95% CI: À0.100-0.156; n = 7; Figure 2B ). (Table 4 ).
T A B L E 1 Clinical descriptions
In patients with unilateral vasculopathy who had MAP OPT identified in both intraoperative and postoperative periods, the postoperative MAP OPT exceeded that of the intraoperative MAP OPT on both affected and unaffected sides ( Figure 3A ,B). These differences were not statistically significant (affected side: P = .063, difference in medians: À27.5-27.5). HVx monitoring was stopped in the pediatric intensive care unit because the patient removed the near-infrared spectroscopy monitor.
T A B L E 2 Clinical parameters

| Lower limit of autoregulation
The LLA was identified in 2 patients with bilateral moyamoya. Box plots are shown, and whiskers are the 5th and 95th percentiles during revascularization for moyamoya. Additionally, anxiety in children can make it difficult to obtain a reliable baseline blood pressure.
We propose that identifying MAP OPT with HVx could provide a more reliable method of determining neuroprotective hemodynamic goals than existing practice.
The association between intraoperative autoregulation measured by HVx and postoperative TIA in bilateral moyamoya suggests that children with dysfunctional autoregulation during surgery are at greater risk of TIA. Though the sample size was small in our study of a rare disease, this finding warrants further investigation. Aberrant cerebral blood flow with hypoperfusion or hyperperfusion after revascularization surgery is known to increase the risk of postoperative neurologic injury in adult moyamoya. 23, 24 Hypotension can cause graft thrombosis, and hypertension increases the risk of postoperative bleeding. 22 One method to support autoregulation is to identify the MAP OPT at which autoregulation is most functional. Conceptually, MAP OPT is located in the center of the blood pressure-cerebral blood flow curve, where autoregulatory vasoreactivity is most robust. We showed that
HVx can identify MAP OPT during and after pial synangiosis. However, MAP OPT varied among individuals, and age-dependent or generalized blood pressure goals may not support autoregulation in all children with moyamoya. We did not identify MAP OPT bilaterally in all patients.
Because this was an observational study, we did not manipulate the It is important to note that supporting blood pressure autoregulation alone will not prevent ischemic or hyperemic insults in patients with moyamoya. Maintaining normocapnia, for example, is essential to preventing perioperative TIAs. 2 Given the small sample size of this study, we could not adjust for carbon dioxide level in the analysis. We also did not account for anesthetic depth. Although volatile agents affect autoregulation, shifts in the lower and upper limits of blood pressure autoregulation will still permit some degree of pressure reactivity along the autoregulatory plateau. Therefore, MAP OPT can be identified during anesthesia with isoflurane. 15 Moreover, patients with severe vasculopathy may be at risk of TIA independent of blood pressure management. We were unable to adjust for disease severity in this small study.
We identified the LLA in 2 patients with bilateral moyamoya and We were unable to analyze relationships between blood pressure below the LLA and TIA due to small sample size. 
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